Immune thrombocytopenia (ITP) is an autoimmune disorder characterized by immunologic destruction of normal platelets and insufficient production of platelets mediated by autoantibodies. And there are different treatment options for management of thrombocytopenia according to each case. Because of the progression of the disease and its multiple pathophysiological pathways a combination of treatments used for management of ITP would be a point of interest. Co-administration of therapies may be useful in patients who are refractory to monotherapies and may result in a booster response because they target multiple mechanisms. Romiplostim is a potent drug used for the management of acute ITP and can be administered with other treatment options for ITP. The combination of Rituximab and Romiplostim may inhibit platelet destruction and at the same time increase platelet production. This combination can lead to a strong and a massive increase in platelet counts. In preclinical studies of Romiplostim safety margins could not be reliably estimated. Although some post marketing surveillance studies provided some information about the safety profile of this drug. More information is needed to evaluate drug interactions between Romiplostim and Rituximab.The goal of this study is to investigate the safety of cotreatment of Romiplostim with Rituximab as compared to each of these drugs in normal rats and thrombocytopenic rats. The measured safety parameters were evaluated for liver and kidney functions in normal and diseased groups of rats.The safety of this regimen should be taken in consideration, so that a balance between the harmful effects and beneficial response could be attained. Future studies are necessary to investigate the safety and efficacy balance of Romiplostim and Rituximab alone or in combination with each other for management of thrombocytopenia. ‫ـــــــــــــــــــــــــــــــــــــــــ‬
INTRODUCTION
The disease is most widely accepted the abbreviation, ITP, has variably been defined as "immune thrombocytopenic purpura", "idiopathic thrombocytopenic purpura" and most recently "immune thrombocytopenia". It is an autoimmune disorder characterized by immunologic destruction of otherwise normal platelets most commonly occurring in response to an unknown stimulus. ITP may occur in isolation (primary) or in association with other disorders (secondary).The International Working Group (IWG) defines ITP as newly diagnosed (diagnosis to 3 months), persistent (3 to 12 months from diagnosis), or chronic (lasting for more than 12 months) (Neunert et al. 2011). There are 2 major processes that contribute to ITP: decreased platelet production and increased platelet destruction. Immune thrombocytopenia is associated with several chronic infections including Helicobacter pylori (HP), human immunodeficiency virus (HIV), autoimmune diseases, such as systemic lupus erythematosus (SLE) and hepatitis C virus (HCV). The supposed mechanism is molecular mimicry, resulting in cross-reactive antibodies between bacterial and platelet antigens (Raj, 2017) .
Romiplostim, the thrombopoietin Receptor Agonists (TPO-RAs), has been approved for patients with chronic ITP who had an insufficient response to corticosteroids, immunoglobulins, or splenectomy. TPO-RAs work by activating TPO receptors on megakaryocytes and inducing platelet production via the JAK2 and STAT5 kinase pathways (Zufferey et al. 2017) . A global pharmacovigilance program is underway to fully understand the real and potential adverse events with long-term use of Romiplostim. The most common Romiplostim-related serious adverse events reported from several prospective clinical trials suggests were thrombocytopenia, increased bone marrow reticulin, myocardial infarctions, neurological events and venous thrombotic events (Aboulafia and Vishnu, 2016) .
In the animal safety studies, Romiplostim produced a dose-dependent increase in bone marrow fibrosis and hyperostosis, which decrease when therapy is discontinued (Kuter et al. 2009 ). The most common adverse effects reported were similar in each clinical study group and consisted of headache, fatigue, epistaxis, and arthralgia. Serious adverse events reported were bone marrow reticulin formation, which resolved with discontinuation of Romiplostim, and thromboembolism in a patient with previous history of vascular disease with platelets above baseline but below normal range (Kuter et al., 2008).
Rituximab (Mabthera ® , Roche), an anti-CD20directed cytolytic monoclonal antibody, works by inhibiting B cells from producing autoantibodies as well as reverting T-cell abnormalities in patients who respond to treatment (Zufferey et al. 2017). It is used for the treatment of non-Hodgkin's lymphoma, chronic lymphocytic leukemia, and rheumatoid arthritis (RA) in combination with methotrexate in adults with moderately to severely active RA. It is used off-label for the treatment of adults with ITP. Rituximab is reserved for patients with a high bleeding risk who have failed treatment with at least IVIG, anti-D immune globulin, or corticosteroids (Raj, 2017). Rituximab can improve complete platelet count responses by 6 months in patients with immune thrombocytopenia (Chugh et al. 2015).
Major short-term adverse effects of Rituximab include pruritus, urticaria, chills, vomiting, fever, rash, arthralgia, fatigue and serum sickness (Liang et al. 2012). Long-term side effects have also been observed. In patients being treated for more than 12 months, Rituximab has been associated with infections, malignancies, pulmonary embolism, pneumonitis, and central nervous system hemorrhage (Arnold et al.
2007).
Combination therapies may be useful in patients who are refractory to monotherapies and may result in an enhanced response because they target multiple mechanisms (Chapin et al. 2016). Several studies were concluded the efficacy of coadministration of Romiplostim and Rituximab, as it may inhibit platelet destruction and at the same time increase platelet production. However this regimen can lead to a strong and even overwhelming increase in platelet counts, frequent laboratory examinations and thromboprophylaxis are necessary to prevent adverse reactions such as thrombotic events (Pohlen et al.
2010).
Even so there is still a need for further studies for assessment of safety, efficacy and validation of this combination in a larger number of patients with ITP (Contis et al. 2013). The most common adverse event related to this combination was fever, which was mainly related to the upper respiratory, urinary tract, and gastrointestinal infection. There was an overrepresentation of rash, headache, stomachache, and chest congestion (Zhou et al. 2015) . The goal of this study is to investigate the safety of co-treatment of Romiplostim with Rituximab on liver and kidney of rats as compared to each of these drugs.
MATERIALS AND METHODS Animals
Adult male and females albino rats (Spargue Dawely strain) weighing (150 -250gm), were used for the in vivo experiments. They were purchased from the animal colony of the Faculty of Veterinary, Cairo University. Rats were kept under controlled environment at a constant temperature (23 ± 2 ᵒ C), humidity (60 ± 10%) and light/dark (12/12) cycles. Animals were singly housed and acclimatized for one week before any experimental procedures and were allowed standard rat chow and tap water ad libitum. Animal handling and experimental protocols were approved by the Research Ethical Committee of the Faculty of Pharmacy, Cairo University (Cairo, Egypt), and comply with the Guide for the Care and use of Laboratory Animals (Garber, 2010) .
Drugs
Romiplostim (Nplate ® ) is manufactured by Romiplostimen Europe B.V., and was supplied by Multipharma for Pharmacutical& Chemical productsas vials of two concentrations 250µg and 500µg. Rituximab (Mabthera ® ) is supplied by Hoffman La Roche as vials containing 10 mg/ml. Carboplatin "Ebewe" 10mg/ml vial was supplied by Novartis Pharma Company "Sandoz Division" as vial containing concentrated solution of carboplatin 10 mg/ml.
Experimental design
Animal dose was calculated according to Paget's table concerning human/animal crossover dose transformation (Paget and Barnes, 1964). The dose of Romiplostim for rats was 6.3 μg/kg based on actual body weight and was administered subcutaneously once weekly. The dose of Rituximab for rats was 9 mg/kg based on actual body weight and was administered intravenously once weekly. The experimental design was as follow:
Group I: Normal Rats:
Animals were divided into four subgroups each consisted of 10 rats as follow: Subgroup 1, untreated control rats received Normal Saline (1ml/kg body wt.) intraperitoneally throughout the experimental period (8 weeks). Subgroup 2, treated with Romiplostim alone. Subgroup 3, treated with Rituximab alone. Subgroup 4, treated subcutaneously with Romiplostim in combination with Rituximab intravenously.
Group II: Thrombocytopenic rat model
Induction of thrombocytopenia in rats was done by intraperitoneal injection of Carboplatin in a dose 62.5 mg/kg based on actual body weight per week for two or three weeks (Wang et al. 2011). After the third week of Carboplatin injection, animals was observed and showed weakness and hemorrhages from their anus. There were also significant decreases in platelet count after estimation of their complete blood counts (CBC), which indicated the decrease in the number of platelets that means rats became thrombocytopenic. Then diseased animals were divided into four experimental subgroups as follow:
Subgroup 1, untreated control received distilled water (1ml/kg body wt.) intraperitoneally throughout the experiment period (8 weeks). Subgroup 2, treated subcutaneously with Romiplostim alone. Subgroup 3, treated intravenously with Rituximab alone. Subgroup 4, treated subcutaneously with Romiplostim in combination with Rituximab intravenously.
Sampling
 The blood samples were collected at intervals of two, four, six and eight weeks throughout the experimental period for different analysis from normal and thrombocytopenic rats.
 Serum samples were separated from the collected blood samples by centrifugation at 3000 rpm for 10 minutes.  After eight weeks rats were anesthetized with ether, and then sacrificed (by dislocation under ether anesthesia).
Estimation of liver and kidney function parameters in serum
Kinetic UV test for the quantitative determination of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), urea, creatinine and uric acid in rat's serum on OLYMPUS AU400 automated chemistry analyzer and located in the Medical Research Center of Excellence in the National Research Center, Egypt. The Olympus analysers automatically compute the creatinine concentration of each sample.
It was carried out according to methods described in the user guide of the device for in vitro diagnostic use only as follow:
i. Estimation of Alanine aminotransferase (ALT) activity in serum was carried out according to the method described by Bergmeyer and Horder (1980).
ii. Estimation of aspartate aminotransferase (AST) activity in serum was carried out according to the method described by SARIS, N.E. (1978).
iii. Estimation of Alkaline phosphatase (ALP) activity in serum was carried out according to the method described by 
Estimation of complete blood count (CBC)
The Estimation of complete blood count (CBC) was done by using the Medonic M-Series Hematology Analyzer -Cap Piercing Sampling produced by Boule Medical AB, Stockholm, Sweden and located in the Medical Research Center of Excellence in the National Research Center, Egypt. There was M-series Quick Reference Guide for informing the researcher about the routine procedures for that device. After injection of Carboplatin at a dose 62.5 mg/kg based on actual body weight per week for three weeks, rats developed profound thrombocytopenia. The means of platelet count were less than 100 x 10 9 /L, while the normal control ranged between 755.8±13.67 x 10 9 /L to 843.8±55.6 x 10 9 /L. 
RESULTS

A. Normal Group
Toxic Interactions Of Romiplostim And Rituximab ……
DISCUSSION
In this study, liver function evaluation revealed that co-administration of both drugs inhibited the activity of alanine aminotransferase enzyme at the end of experiment in normal rats. Thus it seems that both drugs did not affect the liver function either acutely or chronically as revealed shown in Table 1 .
However alkaline phosphatase activity (ALP) in serum was inhibited after two weeks of Rituximab alone in this study. This elevation of ALP activity may occur in infiltrative diseases of liver, where spaceoccupying lesions (e.g. tumors) are present. It is also occurs in liver cirrhosis (Gaw et al. 2013) . This is obviously an indication of hepatic injury. But there is no evidence of a correlation between administered drugs and the disturbance of ALP activity. Thrombocytopenia was induced by an intraperitoneal injection of carboplatin, This is in accord with other reports as Wang et al. (2011) .
Carboplatin induces thrombocytopenia in rats by virtue of its antimitotic effect on stem cells, which leads to decreased platelet production and thrombocytopenia that can potentially be more prolonged and more refractory to treatment (Vadhan-Raj, 2009 ). Carboplatin's mechanism of action appears to be related to its ability to cross-link DNA (Ulich et al. 1995) .
In thrombocytopenic rats there were some alterations in liver enzymes as presented shown in Table 3 . Six weeks after Rituximab administration significant elevation of ALT activity was observed. Coadministration of both compounds significantly stimulated ALT activity. Elevations of such enzymes also occur in jaundice due to obstruction of the large bile passages, severe hemolysis and mostly occurring when there is liver damage (Varley, 1954) . Two weeks after Rituximab administration in this study significant inhibition of AST activity was produced. Coadministration of both compounds significantly suppressed AST activity.
The findings of elevation for ALP of thrombocytopenic suggest that the toxic effect of carboplatin may be reduced after discontinuation of administration. Also it is away from suspicion about the contribution of treatments in elevation of ALP in serum. On the other hand, it is clear from this observation that combination of each agent may have harmful effects on liver enzymes exceeding that of each drug. These findings may be in line with those of Hruban et al.(1991) who found that carboplatin may have also indirectly contributed to liver failure through the complications of thrombocytopenia.Also King and Perry (2001) concluded that chemotherapeutic agents as carboplatin, alone or in combination, may cause hypersensitivity reactions or direct hepatic toxicity, leading to altered drug metabolism leading to increased risk of non-hepatic toxicity. On the other hypothesis, alkaline phosphatase isoenzymes may distinguish between bone and liver disease, especially in patients in whom metastases of bone or liver are suspected (Gaw et al. 2013) These observations may be strengthened by Cuker (2010) who reported that the treatment-related morbidity associated with thrombopoietic growth factors. Although hepatotoxicity has not been recognized as an adverse event in clinical trials of Romiplostim, the drug has not been tested extensively in patients with hepatic impairment and should therefore be used with caution in this population. Also Janssens (2012) reported that megakaryocyte stimulation by transforming growth factor or TPO induces a dose-dependent marrow fibrosis in rodents. Controversially Bussel et al. (2015) revealed that longterm Romiplostim treatment in small group of patients maintained platelet counts for over 4 years in children with ITP with good tolerability without significant hepatotoxicity. Further Moussa and Mowafy (2013) monitored a rapid response to Romiplostim therapy in patients with chronic hepatitis C, liver cirrhosis and thrombocytopenia secondary to HCV infection achieving platelet counts 70 x 10 9 /L. The findings of Rituximab on liver function parameters are supported by findings of Kashiwagi and Tomiyama (2013) who noted possible occurrence of life-threatening infectious complications, especially in countries, such as Japan, with high incidence of HBV carriage. Also Borker and Choudary (2011) reported a number of serious side effects of Rituximab including hepatitis B reactivation leading to fulminant hepatitis and hepatic failure. Lack of information about the relation of test drugs and liver enzymes makes it hard to interpretate the aforementioned controversial reports.
Interestingly, in the present report the kidney function parameters of normal rats revealed a harmful effect of test drugs on kidney as shown in Table 2 , as BUN levels were elevated at different weeks after administration of each drug as well as coadministration of both. At the end of experimental period the combination of both drugs diminished the BUN level. Decreases in blood urea have been reported in some cases of severe liver disease. Post renal diseases which lead to increase in the blood urea in which there is obstruction to the flow of urine (e.g. stones in the urinary tract) and if prolonged irreversible kidney damage may occur (Varley, 1954) .
Serum creatinine activity was decreased in rats treated with Rituximab alone or combined with Romiplostim. For Romiplostim alone, the serum creatinine activity inhibited at week 4. Reduction of serum creatinine levels occur in severe hepatic diseases, due to the reduced production of creatinine in the liver, reduced muscle mass, and an inadequate intake of protein (Takabatake et al. 1988) . Uric acid content of rats treated with both drugs was decreased throughout 6 weeks of treatment period. Rituximab alone decreased serum uric acid content at week 4 only.
Thrombocytopenic rats demonstrated changes in kidney function parameters as shown in Table 4 . As serum creatinine was declined for all rats induced by carboplatin. Two weeks after Rituximab administration uric acid content was significantly inhibited. On the other hand, four weeks after Romiplostim administration uric acid content was significantly increased, and presented at the end of Romiplostim treatment. The rise in serum uric acid occurs when there is an impaired renal function, in leukemia due to the considerable breakdown of cell nuclei with resulting increased metabolism of nucleoprotein, pneumonia, polycythemia and pernicious anemia (Varley, 1954) . Such observations are in agreement with Wang et al. (2011) who described the contribution of the kidney to Romiplostim elimination. As Romiplostim dose is increased, more kidney damage occurs. Urinary excretion becomes a more prominent elimination route as Romiplostim dose increases.
The toxic effect of Rituximab on kidney is further confirmed by Borker and Choudary (2011) who stated that the US FDA has issued a black box warning on Rituximab in view of serious cardiovascular reactions, kidney failure, tumor lysis syndrome, severe mucocutaneous reactions, and progressive multifocal leukoencephalopathy, which were noticed after administration of the drug. reported that the most common adverse event was fever, which was mainly related to the upper respiratory, urinary tract, and gastrointestinal infection. There was an overrepresentation of rash, headache, stomachache, and chest congestion.
